The ability to detect threatening sensory stimuli and initiate an escape response is essential for 21 survival and under stringent evolutionary pressure. In diverse fish species, acoustic stimuli 22 activate Mauthner neurons, which initiate a stereotypical C-start escape response. This reflexive 23 behavior is highly conserved across aquatic species and provides a model for investigating the 24 neural mechanism underlying the evolution of escape behavior. Here, we define evolved 25 differences in the C-start response between populations of the Mexican cavefish, Astyanax 26 mexicanus. Cave populations of A. mexicanus inhabit in an environment devoid of light and 27 macroscopic predation, resulting in evolved differences in diverse morphological and behavioral 28 traits. We find that the C-start is present in multiple populations of cavefish and river-dwelling 29 surface fish, but response kinematics and probability differ between populations. The Pachón 30 population of cavefish have an increased response probability, a slower response and reduction 31 of the maximum bend angle, revealing evolved differences between surface and cave 32 populations. In two other independently evolved populations of cavefish, the response probability 33 and the kinematics of the response differ from one another, as well as from surface fish,
Introduction

40
Predator evasion is essential for survival and is thought to be a critical trait contributing to 41 behavioral adaptation in novel environments (Domenici, 2010) . Multiple sensory systems are larvae exhibit a response probability similar to that of surface fish, larvae from the Molino 149 population exhibited a 98% response probability, which was significantly higher than surface fish 150 and any of the cavefish populations ( Fig 4A) . Unlike Pachón larvae, Molino and Tinaja did not 151 exhibit any differences in response latency relative to surface fish ( Fig 4B) . However, angular 152 speed was reduced in both Tinaja and Molino populations ( Fig 4C) while the peak bend angle 153 was significantly reduced in Tinaja compared to surface fish ( Fig 4D) . Together, these findings 154 reveal convergence on a decrease in angular speed during the C-start response in cavefish. On 155 the other hand, the variety in latency, peak bend angle, and response probability observed in the 156 three cavefish populations analyzed here reveal the evolution of unique kinematic changes across 157 all three cavefish populations.
159
It is possible that independent genetic mechanisms contribute to different kinematic components 160 of the C-start, or that they have evolved through shared genetic architecture. A benefit of A. 168 of values seen in surface and Pachón fish. Though no significant differences were identified in 169 these data, it is worth noting that the mean value for the F2 hybrids (16 ms) matched that of 170 Pachón cavefish (16 ms), but not that of surface fish (14 ms) ( Fig 5B) . Similarly, the peak bend 171 angle of F2 hybrids resembled those of Pachón cave fish, differing significantly from the larger 172 bend seen in surface fish responses ( Fig 5C) . The angular speed of F2 hybrids was intermediate 173 to that of surface and Pachón fish ( Fig 5D) . To determine the relationship between components 9 of the C-start response, we quantified the correlation between each pair of kinematic parameters.
175
No correlation was observed between response latency and peak angle or angular speed, 176 however there was a significant correlation between angular velocity and peak angle. Taken 177 together, these findings suggest that there are a variety of factors influencing the various 178 kinematic parameters that compose the C-start response. 
208
We identified an increased probability of eliciting a startle response in Pachón and Molino larvae.
209
It is possible that this is due to altered sensory detection of the acoustic stimuli, or due to changes 210 at the level of processing that affect the threshold of Mauthner neuron activation. Adult surface 211 and cavefish respond to click-like sounds that signal aggression, revealing the presence of 212 acoustic communication between conspecifics in this species (Hyacinthe et al, 2019) . Previous 213 analysis of auditory sensitivity in Astyanax did not identify differences between surface and cave 214 populations, supporting the notion that the differences observed are at the level of sensory 215 processing, rather than detection (Popper, 1970 , Hinaux, 2016 . Therefore, it is unlikely that 216 differences in sensory detection underlie the enhanced response probability in cavefish.
217
The kinematics of the C-start response differed between all three cavefish populations and 218 surface fish. In Pachón and Tinaja cavefish, this is marked by a reduced peak angle within the 219 C-start response. Further, the differences in kinematic changes across all three cave populations, 220 raise the possibility that different genetic and neural mechanism underlie changes in this escape 221 response across different population.
223
Identifying the behavioral and neuronal components of the C-Start response that are associated 224 with effective interspecies and intraspecies escape may provide insight into the ecological factors 225 contributing to the evolution of the C-start. In guppies, increased angular speed during the first 226 phase of fast start escapes has been correlated with more effective predator evasion, raising the 227 possibility that individual kinematic parameters contribute to successful predator avoidance 228 (Walker et al, 2005) . Interestingly, all cave population analyzed here exhibit decreased angular 229 speed. Further, it is extremely likely that a quick latency increases the likelihood of successful 230 evasion. While it may seem intuitive to predict that an increase in response probability would be 231 beneficial in successfully avoiding predators, in a situation where predators are known to rely 232 heavily on mechanosensory stimuli for prey capture, such as in cavefish, initiation of a startle 233 response could potentially be detrimental Yoshizawa et al, 2010) . These data 234 suggest that the C-start responses of cavefish may be less effective for successful predator 235 evasion as a result of the relaxation of predation in the cave environment.
237
The escape response is likely to be energetically expensive, and therefore extremely detrimental 
Methods
268
Animal husbandry was carried out as previously described (Borowsky, 2008; Stahl et al, 2019) 269 and all protocols were approved by the IACUC Florida Atlantic University (Protocols A15-32 and 270 A16-04). Fish were housed in the Florida Atlantic University core facilities at 23 ± 1°C constant 271 water temperature throughout rearing for behavior experiments (Borowsky, 2008) . Lights were to avoid shifting the center of mass away from the source of the stimulus. In these cases, lighting 291 was provided from below using LED strips in addition to overhead ceiling lights. For trials conducted using plates with 6 wells or fewer, recording was done from below and illumination was 293 done from above using LED strips and a polycarbonate sheet for diffusing light. Infrared light strips 294 (940 nm) were used for all light/dark experiments. For trials conducted for the light condition, white 295 light LED strips were also used.
296
Video was acquired at 1000 frames per second using an FPS 2000 high speed camera (The Slow test. Data that did not pass the normality test were subsequently assessed using the Mann-
326
Whitney test and data that did pass the normality test were assessed using an unpaired t-test. In 327 cases involving more than 2 populations, a one-way ANOVA was used followed by Tukey's test 328 in cases that the results of the ANOVA indicated significant differences (α £ 0.05). Correlation 329 between kinematic parameters was assessed using Spearman's rank order correlation. were generated using an amplifier and small vibration exciter controlled by a Data 594 acquisition device (DAQ 
